The idea of treating pulmonary tuberculosis by collapsing the diseased lung was mooted as long ago as 100 years. Except in isolated cases it was not carried into practice until in 1894 Forlanini and Murphy of Chicago introduced it as a therapeutic measure. It remained comparatively neglected until Branner, Spengler, and others took it up and employed it in the treatment of pulmonary tuberculosis on an extensive scale. It was not till some years after the war that English physicians realized its value, and it is only in the last fifteen years or so that it has been widely used in Great Britain.
Although we have the experience of some fifteen years with which to form some estimate of its value and the type of case in which it is applicable, yet even now there is no unanimity of opinion on either point, even among those whose experience is sufficiently wide to render their opinion of value. We meet with all shades of opinion. At the one extreme there are those who maintain that it is valueless in any case, and at the other those who would urge it in every case as soon as a definite diagnosis of tuberculosis of the lung is established. It would appear that the truth lies midway between these extremes, and that although, as Sir James Kingston Fowler has truly said, " artificial pneumothorax is the only advance in the treatment of pulmonary -tuberculosis since the introduction of sanatorium treatment-as carried out at Nordach," yet the advance, great as it is-, is only applicable in something like 5 per cent. of cases. Ninetyfive per cent. of sufferers from pulmonary tuberculosis have still to be treated by the old methods of diet, hygiene, and climate. Very great care must be taken in selecting cases for this treatment if it is to maintain its place as the valuable therapeutic measure which all the available evidence, if carefully sifted, indicates that it is. It is not an easy matter to be -dogmatic and to lay down hard-and-fast rules for guidance as to the suitability or otherwise of any particular case for artificial pneumo the Other Side In arriving at a decision in this matter two important points must be borne in mind.
1. The fact that no abnormal physical signs can be detected in the contralateral lung does not indicate that there is no disease in it. It is well recognized that a radiogram of a tuberculous lung will nearly always show more extensive disease than the physical signs indicate, and may indeed show infiltration of the lung whe-re no abnormal physical signs are demonstrable.
2. The presence of crepitations at the contralateral apex does not of necessity indicate the existence of disease at that site. Not infrequently such crepitations are conducted from the opposite side. Here again an x-ray is the only reliable means of deciding the point. It should be clear, therefore, that a radiogram is essential in determining whether a case is unilateral. It may be asked-and indeed often is whether the x-ray is a reliable means of detecting or excluding active pulmonary tuberculosis. For practical purposes it may be affirmed that when there is an active tuberculous lesion in the lung the x-ray will show infiltration of the lung tissue, and that the absence of such infiltration can be' taken to indicate no such lesion. Instances are occasionally met with of patients who are undoubtedly suffering from active tuberculosis of the lung (as proved by the presence of tubercle bacilli in the sputum) whose radiograms are negative, at all events on one occasion. Such cases are; however, -so extremely rare that the absence of infiltration in the radiogram on the contralateral side can be taken for the purpose under consideration to indicate unilateral disease. The reading of x-ray pictures of the lulng is by no means easy. Prolonged study and considerable experience are necessary for the correct interpretation of the significance of the shadows seen in the radiograms of the chest. Unfortunately, there are many radiologists who are quite prepared to give a definite opinion as to the presence or absence of tuberculosis in the lungs who have neither given that study nor acquired that experience which is essential for their opinion to be of value. Cardiovascular Disease.-Severe cardiovascular disease is a contraindication to collapse therapy. A wellcompensated valvular lesion of the heart is not, however, in itself a contraindication to collapse of the lung if the latter is urgently called for.
SPECIAL POINTS IN TECHNIQUE
The technique of introducing air into the pleural cavity is so well known that it need not be described in detail here. There are, however, some points that are still a matter of dispute and are relevant for discussion. Some standard technique should be adopted if statistical records of the results of this treatment are to be of any value. In many such records we have the bare statement that an artificial pneumothorax was performed, without any details being given as to the degree of collapse that was aimed at or maintained, of the intrapleural pressures, the intervals between the refills, and similar points. Unless some uniformity is maintained in these matters statistics of results are bound to be unreliable.
Degree of Collapse
The pioneers of artificial pneumothorax treatment aimed at producing complete collapse of the lung, and did not hesitate to raise the intrapleural pressure to any attainable degree in order to arrive at this result. Subsequent experience has proved that this method is highly dangerous, in view of the likelihood of its producing rupture of adhesions at their insertion into the lung and a resulting pyopneumothorax (the most dangerous complication of this treatment). There are some authors who now maintain that good collapse is not an essential feature in getting good therapeutic effects. Whilst entirely endorsing the view that high intrapleural pressures must be avoided, yet it is my experience that the beneficial effects accruing are generally in proportion to the degree of collapse obtained in the diseased portion of the lung. It is perfectly true that in those cases in which 'selective " collapse occurs-that is to say, in which collapse of the diseased portion alone takes place as the result of introduction of air into the pleural cavitygood results are seen without complete collapse of the whole lung. But this selective collapse occurs in a relatively small proportion. of cases, so that in order to collapse the diseased portion of the lung it is, as a rule, necessary to put out of action the whole lung.
Mediastinal Displacement The structures in the mediastinum are not fixed rigidly in position. Any increase in the intrapleural pressure may readily displace them towards the opposite side. The mobility of the mediastinum varies enormously in different individuals. In cases of chronic fibroid tuberculosis it is often firmly fixed by rigid pleural and pericardial adhesions, so that moderate rises in the intrapleural pressure do not move it at all. In the more acute forms of exudative disease, however-especially in the young-it is very much more mobile. In rare cases it is so mobile that any attempt to induce collapse causes such distress that the attempt has to be abandoned. Occasionally it is found that, on making a second attempt a f6w months later, the mediastinum has become more fixed, and collapse is possible without distressing symptoms. Though such extreme mediastinal displacement as this is exceptional, the heart tends in most cases to b. displaced towards the opposite side, to a greater or less extent, and avoidance of this is one of the most important points that have to be borne in mind during the whole course of the treatment. Where this tendency is marked it may be obviated by collapsing the lung very graduallv, and by giving small refills at fairly frequent intervals rather than by introducing large quantities of air into the pleural cavity at each sitting. The above remarks refer to the mediastinal displacement that occurs during the induction of a therapeutic pneumothorax. On occasions, during the course of the treatment, a mediastinum which has not appreciably moved while the lung was being collapsed will be found to have suddenly shifted over to the contralateral side. This is usually due to the development of a spontaneous, on top of the artificial, pneumothorax, and is generally, though not always, associated with the development of a pyopneumothorax. Displacement of the mediastinum during the course of the treatment may also result from the collection of fluid in the pleural cavity on the treated side, though in this case the displacement is more gradual than when it is due to a spontaneous pneumothorax.
Intrapleural Pressures
The factors governing the intrapleural pressure are not fully understood. It varies considerably in different individuals. Moreover, even apart from the presence of adhesions, the degree to which the negative pressure has to be reduced. in order to produce collapse of the lung is not constant in different cases. As a rule, it is only necessary to reduce the negative pressure, or, at the most, to raise it to atmospheric pressure, in order to collapse the lung. A slightly positive pressure is occasionally permissible, but in no case is it justifiable to attempt to collapse the lung by means of high positive pressuresthe risk of rupturing an adhesion at its insertion into the lung and producing a pyopneumothorax is too great. When the pressure rises to a high figure in the early stages of the treatment it is an indication that the lung is adherent to the chest wall, and the treatment should be stopped. It is clear from the above that it is impossible to lay down any hard-and-fast rules as to the intrapleural pressure that should be secured. What has to be aimed at is to produce as good collapse of the lung as possible with as low a pressure as possible. What this figure will be will vary in each case. In most instances it will be a small negative olne, and must never be a high positive one.
There is another important point with regard to intrapleural pressures that is frequently overlooked. Having obtained good collapse at a certain intrapleural pressure, some workers continue the treatment by introducing at stated intervals sufficient air to bring the pressure back to the same figure. In other words, they will be entirely guided by the pressure as to the amount of air that it is necessary to introduce at each refill. If this procedure is adopted it will often be found at the end of three or four months that the lung has partially re-expanded. The requisite intrapleural pressure to keep the lung well collapsed varies in many cases during the course of the treatment. Careful x-ray control is the only method of estimating the amount of air required for each refill in order to keep the lung well and continuously collapsed.
X 3. In most cases adhesions, though present, are not so numerous or so firm as to prevent adequate collapse of the lung. They are most commonly seen extending from just below the apex of the lung outwards to the axilla. They tend to stretch as treatment progresses, though no deliberate attempt must be made to cause them to do so by increasing the intrapleural pressure. On the contrary, it is in the presence of such adhesions as these-especially when they are tenuous-that special care must be taken to maintain a negative pressure throughout, to prevent their breaking off at their insertion into the lung, with a resulting pyopneumothorax.
When a few fine adhesions are present it is a fairly simple operation to divide them. It is, however, an operation which I have ceased to perform. Generally speaking, when they are sufficiently fine and few as to be amenable to division it is unnecessary to divide them, while when they are so numerous and firm as to prevent adequate collapse of the lung they cannot be divided. It is, moreover, an operation that is not devoid of the risk of a resulting pyopneumothorax. DISCONTINUATION OF ARTIFICIAL PNEUMOTHORAX A great deal has been written on the subject of the indications for inducing a therapeutic pneumothorax. We find much less in the literature as to the indications for stopping it. It is clearly undesirable-nor is it necessary -for the treatment, once started, to be continued for an indefinite period. There appears to be a tendency among some workers to keep up the collapse much longer than is actually needful. I have seen some cases kept up for as long as six or seven years. Such a prolonged treatment is a great strain on the patience (and in the case of private patients, the pocket) of the patient. It is a common observation that a very satisfactory result has been obtained in cases in which it has been found necessary to abandon an artificial pneumothorax for one of the reasons considered below-even after so short a period as six months from its inception. This aspect of the subject may be considered under two headings: (1) Compulsory cessation. (2) Voluntary cessation.
1. In a considerable number of cases it is found that one is compelled to cease the refills. As time goes on more and more difficulty is experienced in introducing air into the pleural cavity without producing a high intrapleural pressure. Coincident with this, control by x rays will show that the pneumothorax is becoming smaller and smaller, the visceral pleura is becoming thickened, and the heart and mediastinum displaced towards the side of the pneumothorax. 
of a particular case may indicate prolongation of the treatment beyond it. It is, however, the duration for which an average case should be kept up.
Actual Manner of Termination
It is the practice of some workers, when it has been decided to terminate the treatment, gradually to increase the intervals between the refills, and to diminish the amount of air introduced each time. There does not appear to be any particular point in this procedure. It is my custom, once it has been decided that the treatment should be stopped, to effect this abruptly. If this is done the lung in most cases will take three or four months to expand completely. During this time the patient should be kept under careful observation. A record of the weight should be kept, the temperature taken morning and evening, the sputum (if any) examined weekly, and an x-ray taken as often as circumstances permit. If, during the re-expansion of the lung, the result of any of the above observations indicates that the disease is still active, the lung should be recollapsed for a further period.
DANGERS AND COMPLICATIONS OF ARTIFICIAL PNEUMO-THORAX THERAPY Pleural shock and air embolism have always been regarded as the two chief dangers of the induction of a pneumothorax. With due attention to technique they can, as a rule, both be avoided, and their occurrence is becoming less and less frequent.
Clear Pleural Effusions.-If frequent x-ray examinations of the chest are made during the treatment a small amount of fluid will be seen in the pleural cavity at some time in practically all cases. Less often large collections accumulate. Provided that they remain clear they have in themselves no deleterious effect on the patient, nior do they affect the prognosis adversely. The question that arises is the correct method of dealing with them. If such effusions cause any embarrassment to the patient they should, of course, be removed. It is my custom generally to remove large effusions, even in the absence of distress, and to replace the fluid with air. Frequently, for some unexplained reason, the fluid will not reaccumulate after two or three tappings. Moreover, the patient, though not actually embarrassed by the effusion, will often feel more comfortable with air in the pleural cavity rather than fluid.
Pyopneumothorax.-Pyopneumothorax is the one really serious danger associated with collapse therapy. Since the adoption of low-tension *pneumothoraces it is much less common than it was when attempts were made to produce collapse of the lung by the production of high intrapleural pressures. It results from the rupture of an adhesion at its insertion into the lung. A hole in the lung is thus produced, and the pleural cavity becomes infected by organisms passing into it from the bronchi-that is, a bronchial fistula is established. This is most likely to occur when a few fine adhesions are present, and, as already mentioned, these are most commonly seen extending from the region of the apex outwards to the chest wall in the axillary region. In the presence of such adhesions special care must be taken to collapse the lung gradually and to keep the intrapleural pressure low. The supervention of a pyopneumothorax, though not of necessity uniformly fatal, constitutes a serious danger to the patient, and renders the prognosis very grave.
It is a complication that may result after the division of adhesions. The probable explanation of its occurrence at bthat time is that, in addition to the main adhesions, there are present finer ones, which break off at their insertion into the lung after the division of the former.
WRith due care and forethought the occurrence of pyopneumothorax can be reduced to a minimum, but even then it will happen on occasion.
Haemothorax.-The collection of blood in the pleural cavity is very rare. I have only met with one case. In that the fluid was pure blood. The blood was removed and the patient made a good recovery.
CONCLUSIONS
The chief points that have been stressed in this article are:
1. That in artificial pneumothorax we have a valuable form of treatment for something under 5 per cent. of all cases of pulmonary tuberculosis.
2. That the remaining 95 per cent. of cases have still to be treated by the old methods of diet, hygiene, and climate.
3. That great care must be taken in the selection of suitable cases along the lines laid down.
4. That the patient must remain under careful medical supervision during the course of the treatment, especially as regards x-ray control.
5. That the operator should aim at producing as good a collapse as possible, with the minimum amount of mediastinal displacement, and as low an intrapleural pressure as possible.
6. That the treatment should not be continued for too long, three years being the correct time for an average case.
7. That the great danger that has to be guarded against is the supervention of a pyopneumothorax. The above table shows that fourteen patients carried on refills until it was considered safe in the individual case to allow re-expansion; this was, on an average, three years from the date of induction. Two only required gas replacements, and only one has had accessory
